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[571 ABSTRACT 

A thin-film, perpendicular magnetic head includes a 
magnetic recording and reproducing substrate having a 
mechanochemically polished principal surface that in- 
cludes a plurality of grooves filled with a nonmagnetic 
material; a thin-film conducting coil located on the 
polished surface of the substrate; an insulating layer of 
inorganic oxide covering the conductor coil and the 
polished prmdple sur&ce of the niagnetic substrate, this 
insulating layer including a via hole formed therein and 
having an exposed smr&ce which is mechanochemically 
polished; a thin-film main pole on the polished surface 
of the insulating layer; and a protective overcoat cover- 
ing the main pole. 

20 Claims, 2 Drawing Sheets 
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THIN-FILM MAGNEnC HEAD 

This is a continuation-in-part of Explication Ser. No. 
37»6S2, filed Apr. 13» 1987, abandoned. S 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

This invention relates to a thin-6Im, perpendicular 
magnetic recording and reproducing head. . 10 

2. Description of the prior art 

Thin^film, perpendicular magnetic recording and 
rq>roducing heads have a high frequency response, and 
due to advances in semiconductor technology, highly 
accurate thin-fOm magnetic heads can be manufactured 15 
at a low cost It is expected that they will soon be used 
more commonly than any other type of presently 
known magnetic head. 

Tfain-iilm, perpendicular magnetic recording and 
rqnrodudng heads are generally classified into indue- 20 
tive heads, which are used for recording and reproduc- 
ing purposes, and magnetic resistance heads, which are 
used for reprodudng purposes. An inductive head com- 
prises a magnetic substrate which is formed bom, e,g^ 
soft ferrite; an insulating layer provided on the m agn e^' c 23 
substrate, this insulating layer containing a th]n*film 
conductor; a main pole provided on the Insulating layer 
and formed from, e.g.. Permalloy, Sendust or a amor- 
phous alloy; and a protective overcoat covering the 
main pole. These thin-fihn, perpendicular magnetic 30 
recording and reproducing heads are usually manufac- 
tured by a process as follows: 

(a) Forming a plurality of grooves in a predetermined 
pattern in a principal sur&ce of a magnetic material, 
filUng these grooves widi a nonmagnetic material, such 35 
as glass* SiQ2, AI2O3 or barium titanate, and then finely 
polislnng the princ^ surfi^ of the soformed mag- 
netic substrate. 

(b) Forming a thhi-fihn conductor coil on the pol- 
ished principal sur&ce of the magnetic substrate, and 40 
then forming an msiilating layer on the magnftir sub- 
strate and the conductor coil, tixe insulating layer con- 
sisting of a film of either an organic material such as a 
resist oc polyamide, or an inorganic oxide such as SiOi- 

(c) Flattening the exposed surfiwe of tiie insulating 45 
layer which is uneven Qt will have an uneven surface 
due to tiie presence of die conductor ooH on the mag- 
netic substrate) by an etchback method employing a 
resist, vMch is described, for example, in Technical 
Report US 86-13 of the Institute of Electrical Conunu- SO 
nication Engineers of Japan. 

(d) Forming a via hole in the insulating layer so as to 
provide for magnetic contact between a subsequen t ly 
formed main pole and the magnetic substrate. 

(e) Forming a mam pole on the surface of the insulat- 55 
ing kyer and the exposed surface of the magnetic sub* 
strate, and after subsequently forming a magnetic film 
and a protective overcoat on the main pole, cutting the 
assembly to a predetermined size and tiien polishing it 

The magnetic properties of the main pole in the thin- 60 
film, perpendicular magnetic recording and reproduc- 
mg head manufactured as just described usually depend 
on the nature of the surfaces of the insulating layer and 
the magnetic substrate, including roughness and resid- 
ual stress. Unfortunately, the etchback method is not 65 
effective for satisfactorily flattening the surface of the 
insulating layer, e.g., when it is composed of an inor- 
ganic oxide. As such, it is difficult to obtain a uniform 
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wafer surface by this method. Moreover, it is an ineffi- 
cient method because it requires a great deal of labor 

and tune. 

In addition to the for^mg, the insulating layer has a 
projecting edge along the sur&ce thereof adjiacent to 
the via hole. As such, that portion of the main pole 
which covers the projectmg edge of the insulating layer 
will have a reduced and nonuniform film thickness, 
which lowers the magnetic prqierties of the main pole 
and therd)y the performance of the magnetk head as a 
whole. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a thii^-film, perpendicular magnetic recording 
and reproducing head of improved magnetic properties 
which is firee firom the not^ problems of the prior art 
thin-film magnetic heads, including unevenness in the 
surface of the insulating layer and the presence of a 
projecting edge of the insulating layer adjacent the via 
hole, and which can be manufactured efificientiy by a 
simple process. 

This object is essentially attained by a magnetic head 
comprising a magnetic substrate having a mechano- 
chemically polished principal surface, this principal 
surface including a plurality of grooves which are filled 
with a non-magnetic material; a thin-film conductor coil 
located on the polished surface of the magnetic sub- 
strate; an insulating layer of an inorganic oxide covering 
the pcdished surface of the magnetic substrate and the 
conductor coil thereon, the insulating layer including a 
via hole formed therein and having its exposed surface 
mechanochemically perished so as to be extremely 
smooth and rounded at the location where it merges 
with the via hole therein, the via hole exposing a sur&ce 
portion of the principal surface of the magnetic sub- 
strate; a main pole located on the polished surface of the 
insulating layer and the exposed surface portion of the 
principal surface of the magnetic substrate; and a pro 
tective overcoat covering the main pole. Therefore, an 
exposed end foce.of the thin-film magnetic head oppO' 
site a magnetic recording medium is composed of tiie 
magnetic substrate for fuming the via hole, the non- 
magnetic material filled in the groove in the principal 
sorfooe of the magnetic substrata the insulathig layer 
covering the conductor coil, the first main pole and the 
protective overcoat An electrode terminal is formed in 
the conventional maimer. 

The main pole may be composed of a thin film. An- 
other main pole composed of a thick fihn can be located 
between this tiiin-film main pole and the protective 
overcoat The thin-film main pole has a coercive force 
and a permeability which are drastically improved over 
its counterpart in any conventional thm-film head. 
Therefore, the head of this invention exhibits a record- 
mg density Dso (which corresponds to 50% of the out- 
put voltage at a low recording density of 1 kBFI) which 
is 1.7 times higher than that of any conventional thin- 
film head, wh^ also showing a bigfa reproducing out- 
put voltage over a whole range. 

Other features and advantages of this mvention will 
become apparent from the followmg detailed descrip- 
tion and tiie accompanying drawings. 

BRIEF DESCRIFnON OF THE DRAWINGS 

FIGS. Ifl-IA are a scries of views illustrating a pro- 
cess for manufacturing a thin-film, perpendicular mag- 
netic recording and reproducing head according to the 
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present invention, FIG. ta showing a perspective view the magnetic recording medium, the end face being 

of the magnetic substrate which is used in the process ownposed of the magnetic substrate for forming the via 

and FIGS. Ib-lh showing enlarged end views of a hole, the non-magnetic material filled in the groove in 

portion of the magnetic substrate shown in FIG. la and the principal surface of the magnetic substrate, the insu- 

the dements of the thin-fflm magnetic head sequentially 5 lating layer covering the conducted coil, the first main 

formed thereon, and pole and the protective overcoat 

FIG. 2 is a graph showing the relative output vs. By the inventive process the exposed surfaces of the 

recording density of the magnetic head according to magnetic substrate 1 and the insulating layer 5 arc re- 

this invention, as compared with a conventional head. lieved from any distortion and the edge 5a of the insiH 

^ 10 lating layer adjacent the via hole 6 is appropriately 

DETAILED DESCRIPTION OF THE rounded. Those surfaces will have a high and uniform 

INVENTION degree of smoothness, and the first mam pole 7 formed 

A process which can be used for manufacturing a thereon will have improved magnetic properties, 

thin-fibn mimetic head embodying this invention is If the second, thick-fikn main pole 8 is formed by 

shown by way of example in FIGS, la-th. The head 15 pattern etching, it is useful to provide a protective fihn 

includes a magnetic substrate formed from Ni-Zn fecxite of an inorganic oxide on the first main pole 7 to prevent 

(feirite containing Ni and Zn). The process comprises a itsetching. 

series of steps as foltows: The magnetic substrate may also be formed firom 

(1) ForaoDg a plvndity of grooves 2 in a predeter- Mn-Zn ferrite (ferrite containing MnO and ZnO. In this 
mined pattern on a principal surface ofa magnetic mate- 20 case, it is necessary to provide an insulating layer be- 
iia]» then RWIng the grooves 2 witfi a nonmagnetic mate- tween the substrate and the thin-lilm conductor coil, as 
rial 3^ such as glass, SiQb AI203 or barium titanate, and ^e Mn-Zn ferrite is an dectrically-conductive material, 
then mechanochemically polishing the princq>al surface The mechanochemical polishing of the surface after 
of the so^ormed magnetic substrate 1; its diamond polishing, as stated at (4) and (6) above, is 

(2) Forming a thin-fihn conductor coil 4^ eg., of 25 very effective for removing its roughness and distor- 
copper or ai ymimim, OH the polished principal surface tion, as compared with the etchback method employing 
of the magnetic substrate ^ a resist These steps provide an hz^vroved polishing 

(3) Formmg an insohiting layer 5, which is composed efficiency, a simplified process and a shortened polish- 
of an inorganic oxide such as SiQz or AlaOs* on the ing time. 

conductor coil 4 by sputtering or other suitable tech- 30 According to this mvention, the insulating layer 5 is 

nique to provide electrical insolation between the con- formed from an inorganic oxide, and not an organic 

ductor coil 4and a main pole 7 (which will hereinafter vesm. In this regard, an organic resin will be so low in 

be described); heat resistance that it is likely to be decomposed during 

(4) Flattening the surface of the insulating layer 5 to heat treatment It is also Ukdy that an insulating layer of 
aroughness not exceeding 500 A by finely polishing it, 35 . organic rean will become separated fit>m the main pole 
for example, using a diamond grinding tpriinigim^ to and the substrate because of its higher coefficient of 
remove its unevenness, which is due to the presence of thermal expansion, ha low thermal conductivity inter- 
the conductKx- coil 4 m the insulating layer $; feres with the smooth dissipation oS the heat which is 

(5) Forming a via hole 6 in the insulating layer 5, for generated when an dectric current is applied to the coil, 
sample, by ion beam or chemical etching, to expose a 40 and thereby the use of a high input current If an or- 
surfiice portion of the principal surfoce of ^e magnetic ganic resin is exposed on a head sur&be fiidng a mag- 
substrate 1 and thus provide a magnetic contact be- netic recording medium, it adheres to the surface of the 
tween a subsequently fonned main pole 7 and the mag- mfttinm and serious problems such as a head crash are 
netic substate 1; likely to result On the other hand, the use of an inor- 

(6) Mechanochemically polishing the exposed sur&ce 45 ganic oxide makes it possible to avmd such problems 
of the insulating layer 5 including the edge 5a of the and to provide an excellent thin-film magnetic head. A 
layer 5 rfefimng the periphery of the via hole 6 and the preferred inorganic oxide is, for example, SiOz or Al- 
eiqposed sur&ce portion of the principal sur&ce of the 2O3. 

magnetic substrate 1 to remove any stresses therefrom The first and second main poles may be formed from 

and to bevel the edge Sa until the layer 5 has a surface. SO an amorphous alloy containing cobalt or an iron alloy 

louc^mess not excmiing 100 A, or preferably not ex- such as Sendust or Permalloy. The protective overcoat 

ceeding 40 A, while the magnet» substrate 1 has a is preferably formed from AI2O3 or SiOz. 

surfiice roughness not exceeding 100 A, so that all of The diamond poHshing of the surface is preferably 

those surfoces may be free from any distortion; carried out by employing a diamond powder having a 

(7) Forming a first main pole 7 on the polished sur&ce 55 particle diameter not exceeding 1 fun, a lap base formed 
of the insulating layer 5 and the polished surface <^the from Sn, Cu or cloth, a kp pressure of 0.01 to 1 kg/cm^ 
principal surface of the magnetic substrate 1, for exam- and a rotating speed of 10 to 100 m/min. 

pie, from an iron alloy such as Permalloy or Sendust or The mechanochemical polishing of the surfrices is 
an amorphous alloy, by sputtering, vapor deposition, preferably carried out by employing a suspension con- 
plating, or other suitable technique; 60 taining in pure water 0.5 to 20% by wei^t of a fine 

(8) Fonmng a second, thick^ilm main pole 8 on the powder of MgO, ZrOi, AliOa or SiOi having a particle 
infttn pole 7 by sputtering, pattern plating, vapor deposi- diameter not exceeding 0.1 ^or a nuxturc thereof^ and 
tion or other suitable technique to prevent its magnetic a disk polisher rotatably disposed in the suspension. The 
saturation; and polisher , comprises a disk of, for example,, hard cloth, 

(9) Forming a protective overcoat 9 over the second 65 solder or tm. The material to be polished is placed in the 
main pole 8. suspension and brought into contact with tiie polishing . 

The thus produced thin-film magnetic' head of the sur&ce of the disk and they are rotated relative to each 

present invention has an exposed end face F opposite other. The appropriate material of the polisher, the 
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appropriate rotating speed and the appropriate lap pres- 
sure wiU depend on the particle diameter of the powder 
used, die amount of the powder in the suspension and 
the material to be polished, A lap pressure of 0.01 to 1 
kg/cm^ and a rotating speed of 10 to 100 m/min. are 
usually preferred. The use of any powder having a 
particle diameter exceeding 0.1 fim should be avoided, 
as it is likely to scratch the surface to be polished. 

The thin -film conductor coil may be formed by cus- 
tomary methods, such as sputtering, vapor deposition 
or plating. The insulating layer can also be formed by 
customary methods, such as sputtering or vapor depod- 
tion. The main poles can be formed by sputtering, vapor 
dq>osition or plating. The protective overcoat can also 
be formed by customary methods* such as sputtering or 
v8f)or deposition. 

The via hole can be formed by a customary ion beam 
or chemical etching method. Another useful method of 
forming a via hole employs copper plating. In this tech- 
nique a thick and mverted frnstocontcal layer of copper 
is formed by plating on the magnetic substrate on which 
the con has been formed. After an msulating layer has 
been formed, its sur&ce is ground to expose the copper 
layer and the copper layer is removed by etching to 
provide a via hole. 

The thin-film head of this invention may mclude a 
single thin-fihn conductor coil layer or a plurality of 
coil layers. The protective overcoat may have a large 
diickness depending on the purpose for which the head 
will be used. 

The invention will now be described more specifi- 
cally by way of an example. 

EXAMPLE 

A thin-film, perpendicular magnetic recording and 
reproducing head was prepared by the process shown 
in FIGS, la-lh. Its magnetic substrate was formed from 
Ni-Zn ferrite. After grooves were formed in the Ni-Zn 
ferrite and then Med with glass, the principal surface of 
the so-formed substrate was perished mechanochemi- 
cally and a thin-film conductor coil was formed on the 
policed surface by copper sputtering; An insulating 
layer of SiOi was formed by sputtering on the conduc- 
tor coil and the principal sur&ce of the magnetic sub- 
strate^ and its surface was polished with a diamond 
powder to a roughness not cxoffding 500 A. Its 
diamond polislung was performed under the following 
conditions: 

Diameter of diamond partides: 1 fun 

Lap pressure: 0.1 kg/cm^ 

Rotating speed: 50 m/mm. 

Lap base: Tin 

A via hole was formed in the insulating layer by ion 
beam etching. The surface of the insulating layer and 
the exposed surface of the substrate were polished me- 
chanochemically under the following conditions to a 
roughness not exceeding 30 A: 

Suspension: Containing in pure water Si02 powder 
having a particle diameter of 100 A 

Lap pressure: 0.1 kg/cm^ 

Rotating ^eed: SO m/min. 

Lap base: Hard cloth 

A first main pole of amorphous cobalt was formed by 
sputtering on the mechanochemically polished surfaces 
and a second, thick-film main pole of amorphous cobalt 
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alloy was formed thereon by sputtering. A protective 
overcoat of AI2O3 was then formed thacon. 

The thin-fUm magnetic head of the present invention 
has the exposed end foce opposite the magnetic record- 
S ing mf4iyT", the end face being composed of the mag- 
netic substrate, die glass layer, the insulating layer, the 
first main pole and the protective overcoat 

A comparative thin-film head was prepared by the 
same process, except that its msulating layer was flat- 
10 tened by the etchback method using a resist The insu- 
lating layer had a surface roughness of about 1500 A. 

The magnetic {HX^perties of the heads were com- 
pared. The results are shown in FIG. Z As is obvious 
therefrom, the head of tins invention having a finely 
15 poHshed surface ^owed a recording density Dso which 
was 1.7 times higher than that oftfae comparative head. 

What is claimed is: 

1. A thin-fUm, perpendicular magnetic recording and 
reproducing head compri^ng: 

20 • a magnetic substrate which comprises (a) a base de- 
ment that is composed of a magnetic material and 
defines a primary surface having grooves therein 
and an end surface that is perpendicular to said 
primary surface^ and (b) a nonmagnetic material in 

25 said grooves, said primary surfiice and the nonmag- 
netic material in said grooves of said magnetic 
substrate forming a smooth principal surface of said 
magnetic substrate as a result of mechanochemical 
polishing, said end surface of said magnetic sub- 

30 strate being adapted to &ce a magnetic recording 
medium; 

a thin-film conductor coil located on said polished 

princq)al surface of said magnetic substrate; 
an insulating layer of an inorganic oxide covering said 
35 magnetic substrate and said conductor coil, said 
insulating layer haying surface opposite said mag- 
netic substrate which has been flattened by polish- 
ing with a diamond powder, said insulating mate- 
rial also including a via hole formed therein which 
40 extends to said principal surface of said magnetic 
substrate to expose a sur&ce portion of said princi- 
pal surface of said magnetic substrate, the surface 
of said insulating layer and the exposed surface 
portion of said magnetic substrate having been also 
45 mechanochemically polished; 

a first main pole located on said polished surface of 
said in«"^'>*^**g layer and said polished surface por- 
tion of said magnetic substrate; and 
a protective overcoat covering said first main pole. 
50 Z A thin-fihn, perpendicular magnetic recording and 
reproducing head as set forth in claim 1, further includ- 
ing a second, thick-film main pole located between said 
first main pole and said protective overcoat 
3. A thin-film, perpendicular magnetic recording and 
55 reproducing head as set forth in claim 2, wherein said 
first main pole and said second, thick-film main pole are 
each formed from a material ^selected from the group 
consisting of Permalloy, Sendnst, other iron alloys and 
amorphous cobalt alloys. 
60 4v A thin-fihn, perpendicular magnetic recording and 
reproducing head as set forth in claim 2, wherein said 
first main pole and said second, thick-fihn mam pole are 
each formed by sputtering,, vapor d^sition, or plating. 

5. A thin-film, perpendicuh^ magnetic recording and 
65 reproducing head as set forth in claim 1, wherein said 

magnetic material is Ni-Zn ferrite. 

6. A thm-fUnit perpendicular magnetic recordmg and 
reproducing head as set forth in claim 1,. wherein said 
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magnetic material is Mn-Zh fcrrite, and wherein an 
additionai insulating layer is provided between said 
magnetic substrate and said conductor coiL 

7. A thin^film, perpendicular magnetic recording and 
reproducing head as set forth in claim 6, wherein said 
insulating layer covering said conductor coO, said addi- 
tional insulating layer provided between said magnetic 
sohstiate and said conductor coil and said overcoat are 
each composed of inorganic oxides. 

8. A thin-fllm» perpendicular magnetic recording and 
reproducing head as set forth in daim 7» wherdn said 
jfiMilftting layers and said overcoat are each formed by 
sputtering or vi^Kxr deposition. 

9. A tMa-film, perpendkular magnetic recording and 
reproducing head as set forth in daim 1, wherein said 
nonmagnetic mftt^^al is selected from the group con- 
sisting of glass, Si02» AI3O3 and barium titanate. 

10. A tfam-film, perpendicular magnetic recording 
and reprodudng head as set.forth in ckdni h wherein 
said conductor ooil is formed firom an dectrically-coa- 20 
dnctive metal 

11. A tfain-film, perpendicular magnetic recording 
and reprodudng head as set forth in claim 10, wherein 
said conductor coil is formed guttering, vapor depo- 
sition, or plating. ^ 

12. A thin-film, perpendicular magnetic recording 
and repnxludng head as set forth in claim 1, wherein 
said via hole is formed by an ion beam or chemical 
etdnng method. 

13; A tfain-film, perpendicular magnetic recording 30 
and reproducing head as set forth in claim 12, wherein 
said maxinumi roughness is 40 A. 

14w A thin-^film, perpendicular magnetic recording 
and reprodudng hnd as set forth in daim 1, wherein 
each of said pii*'-i«mnffh wni^iiy polished surfaces is a 35 
distQrtion-&ee snrfiE^e having a maxunimi roughness of 
100 A. 

15. A tfain-film, perpendicular magnetic recording 
and r^roducing head as set forth hi claim 1, wherein 
said via hole is formed by a method which comprises 40 
forming a thick and inverted frustooonical plated layer 
of copper on said tna giM^ric substrate on which said 
conductor coil has been foiined, formmg said insuteting 
layer so diat it covers said cc^nper, grinc^ said msulat- 
ing layer to eacpose said copper, and removing said 45 
copper by etching. 

16. A tfain-fihn, perpendicular m agn et ic recording 
and reproducing magnetic head as set forth in daim 1, 
wherein the sur&ce of said uuulating faiyer cppoate said 
magnetic substrate has been polished with a diamond 50 
powder having a fn««nmm particle diameter of 1 fim 
using a rotatii^ member having a 1^ base formed firom 
tin, copper or cloth, a lap pressure of 0.01 to 1 kg/cm^ 
and a rotating speed of 10 to 100 m/min. 

17. A tiun-fihn, perpendicular magnetic recording 55 
and reproducing head as set forth in daim 1, wherein 
said mechanochemicaUy polished surfaces are each 
formed by employing a disk polisher fmned from hard 
cloth, solder or tin and diposed rotatably in a suspension 
containinginpurewaler0.5to20%by weight of a fine 60 
powder of MgO, ZrOa> AI2O3 or SiCh having a maxi- 
mum partide diameter of 0.1 |un or a mixture thereof, 
and bringing the surfiice to be polished into contact 
with the surface of said polisher at a lap pressure of 0.01 
to 1 kg/cm^and a rotating speed of lOto 100 m/min. 

18. A thin-film, perpendicnlar magnedc recording 
and reproducing head as set forth in daim 1, wherein 
said conductor coil consists of at least one layer. 
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19. A thin-film, perpendicular magnetic recording 
and reproducing head which displays a high recordmg 
density and a high reproducing output over a high fre- 
quency range which is formed by tiie steps of 

(1) providing a magnetic substrate which comprises 
(a) a base dement that is composed of a magnetic 
material and defines a primary surface having 
grooves therein and an end surface that is perpen- 
dicular to said primary sur&ce, and (b) a nonmag- 
netic material in said grooves, said primary surface 
and the nonmagnetic material in said grooves of 
said magnetic substrate forming a prindpal surface 
of said magnetic substrate, said end surface of said 
magnetic substrate being adapted to &ce a mag- 
netic recording medium; 

(2) mechanochemicaUy polishing the principal sur- 
£Eice of said magnetic substrate, 

(3) forming a thin-film conductor coil on said me> 
chanochemically polished prindpal surface of said 
magnetic substrate, 

(4) forming an tngiilftting layer of an inorganic oxide . 
on said mechanochemicaUy polished prindpal sur- 
fiace of said magnetic substrate and s^ conductoir 
coU thereon, said formed inorganic oxide insulating 
layer having an exposed surface which is uneven, 

(5) polishing said exposed surface of said insulating 
layer with a diamond powder to flatten said ex- 
posed surface to a roughness not exceeding 500 A, 

(6) forming a via hole in said insulating layer which 
extends from said exposed siuf ace of said insulating 
layer to said principal sur£ace of said magnetic 
substrate so as to expose a sur&ce portion of said 
prindpal surface of said magnetic substrate, 

(7) mechanochemicaUy polishing the exposed surface 
of said insulating layer and said exposed surface 
portion of said magnetic substrate to a sur&ce 
roughness not exceeding 100 A, 

(8) forming a Gist main pole on the mechanochemi- 
cally polished sur&ce of said insulating layer and 
said mechanochemicaUy polished surface portion 
of said magnetic substrate obtained m step (7)» 

(9) forming a second, thick-film main pole on said 
first main pole, and 

(10) forming a protective coating over said second, 
Uiick-fQm main pole. 

20. A method of forming a thin film, perpendicular 
magnetic recording and reproducing head which dis- 
plays a high recording density and a high r^rodudng 
output oyer a high firequency range which is formed by 
the steps of 

(1) providing a magnetic substrate which comprises 
(a) a base element that is composed of a magnetic 
material and defines a primary surface having 
grooves therein and an end surface that is perpen- 
dicular to said primary surface, and (b) a oonmag- 
net» material m said grooves, said primary surface 
and the nonmagnetic material in said grooves of 
said magnetic substrate forming a prindpal surface 
of said magnetic substrate, said end surface of said 
magnetic substrate being adapted to foce a mag- 
netic recording medium; 

(2) mechanochemicaUy polishing the prindpal sur- 
face of said magnetic substrate, 

(3) forming a thin-film conductor coU on said me- 
chanochemicaUy polished principal surface of said- 
magnetic substrate, 

(4) forming an msulating layer of an inorganic oxide 
on said mechanochemicaUy polished principal sur- 
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face of said magnetic substrate and said conductor 
cofl thereon, said formed inorganic oxide insulating 
layer having an exposed surfiace which is uneven, 

(5) polislnng said exposed sur&ce of said insulating 5 
layer with a diamond powder to flatten said ex- 
posed surface to a rou^mess not exceeding SCO A, 

(6) forming a via hole in said insulating layer which 
extends from said exposed surface of said insulating 
layer to said principal surSeux of said magnetic 
substrate so as to expose a surface portion of said 
principal surface of said magnetic substrate^ 
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(7) mcchanochemically polishing the exposed surface 
of said insulating layer and said exposed surface 
portion of said magnetic substrate to a surface 
roughness not exceeding 100 A, 

(8) forming a first main pole on the mechanochemi- 
cally polished surface of said insulating layer and 
said mechanochemically polished surface portion 
of said magnetic substrate obtained in step (7), 

(9) forming a second, thick-fihn main pole, on said 
first main pole, and 

(10) forming a protective coating over said second, 

tiiick-film main pole. 

* • « * « 
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